In order lo investigate the precise acoustic features of stop consonants that pose perceptual difficulties for some children with learning problems, we compared discrimination thresholds along two separate synthetic /da/-/ga/ continua. The continua differed only in the duration of the formant transitions. Results showed that simply lengthening the formant transition duration from 40 to 80 milliseconds did not result in improved discrimination thresholds. Similarly, a neurophysiologic response that is known to reflect the brain's representation of a change from one auditory stimulus to another. indicated diminished responses in learning-disabled children to /da/ versus /ga/ regardless of transition duration. This finding suggests that the brevity of the CV formant transitions is not the sole acoustic basis for the observed perceptual deficits.
Previous research has established that a subset of children with diagnosed learning problems exhibit deficits perceiving certain acoustically similar speech sounds. Several recent studies have attempted to identify the acoustic features that are vulnerable to perceptual disruption, particularly the contributions of spectral and temporal factors. Recent data showed elevated discrimination thresholds in a group of children with learning problems relative to normal children along place-of-articulation continuum (/da/-/ga/), but not along a stopglide continuum (/ba/-/~a/), even though both contrasts relied solely on the perception of dynamic acoustic information presented over a brief period of time [l] . Similarly, it has been shown that language-impaired children had greater difficulty identifying spectrally similar vowels (/Ee/ vs. I&/) than spectrally dissimilar vowels (/a/ vs. /i/) regardless of whether the stimuli were long (greater than 40 ms) or short (less than 40 ms)
PI.
In order to further investigate the precise acoustic features that provoke perceptual difficulties, we isolated and manipulated one specific acoustic feature of a speech-sound contrast that is known to present perceptual difficulty. We wanted to know whether lengthening the consonant-vowel formant transition duration in a /da/-/ga/ continuum would result in improved discrimination thresholds for children with elevated discrimination thresholds along this place-of-articulation continuum. Previous work by Tallal and colleagues had suggested that impaired subjects are better at performing temporal order judgement and identification tasks using CV stimuli with lengthened formant transitions due to the increased processing time allowed by the longer stimulus duration [3, 4] . Accordingly, one might predict that lengthened formant transition durations would also result in improved discrimination thresholds. Alternatively it may be that the underlying perceptual deficit involves a difficulty in the encoding and processing of the fine-grained spectral information necessary for discrimination along a /da/-/ga/ continuum independently of temporal factors such as stimulus duration or processing time.
The present study was designed to explore these alternatives. Moreover the extent to which these acoustic discriminations involve conscious perception was investigated by recording neurophysiologic responses known to reflect pre-attentive processing of acoustic events.
A group of 218 children (6-15 years) served as subjects: 129 were classified as normal, and 89 were classified as having some type of leaming problem. The normal children had no history of learning or attention problems and scored within normal limits on all tests in a psychoeducational battery. The children with learning problems (LP) had been clinically diagnosed as having a learning disability (n=32), attention deficit disorder (n=39), or both (n=lQ All children had normal intelligence (Brief Cognitive Scale score > SS), however the LP subjects had significantly lower scores than the normal subjects on all tests in the psychoeducational battery. Discrimination thresholds along three separate synthetic speech continua were measured using an adaptive algorithm (Parameter Estimation by Sequential Tracking) with a 41AX discrimination task. The first continuum was a synthetic stop-glide continuum (/ba./-/wa/) that consisted of a formant transition period followed by a steady-state period. The total duration of all stimuli in this continuum _ was 100 ms, however the duration of the formant transition period varied from 10 ms (the stop, /ba/, end) to 40ms (the glide, /wa/, end) in 30 l-ms steps. The second and third continua were synthetic place-ofarticulation (/da/-/ga/) continua. Both consisted of a formant transition period followed by a 60 ms steady state period. The onset frequency of the third formant varied from 2580 Hz (the /da/ end) to 2180 Hz (the /ga/ end). In one continuum (dg40) the formant transition duration was 40 ms (total duration = IO0 ms); in the other (dg80) the formant transition duration was lengthened to 80ms (total duration = 140 ms). All subjects were tested on the /ba/-/wa/ continuum first. The order of testing on the dg40 and dg80 varied across subjects. This helped ensure that any task-related training was confined to the /ba/-/wal continuum. Additionally, neurophysiologic mismatch responses were obtained to stimulus pairs from each continuum that were just above and just below discrimination thresholds measured in normal hearing adults. There was no discrimination threshold difference between subject groups on the stop-glide continuum (see also [I] ). On average, both groups of children required a transition duration difference of approximately 7 ms in order to tell the stimuli apart. In contrast, the subject groups had significantly different discrimination thresholds along the two /da/-/ga/ continua. A two-factor repeated measures ANOVA showed a main effect of Group (F( 1,209)= 24.84, p<.OOl), but no main effect of Condition. Normal children could discriminate stimuli whose F3 onset frequencies differed by as little as 74.2 Hz and 72.4 Hz for the dg40 and dg80 continua, respectively. In contrast, children with learning problems required a difference of approximately 25 Hz more in order to tell the stimuli apart, regardless of formant transition duration. Thus, the children with learning problems were not impaired in their ability to discriminate stimuli that differed in the temporal domain (/ba/-/~a/). However, they were severely impaired in their ability to discriminate stimuli that differed in the spectral domain (/da/-/ga/). Furthermore, discrimination thresholds were not improved by lengthening the period that carried the crucial spectral contrast (F3 onset frequency). Similarly, the neurophysiologic mismatch responses indicated diminished responses in the children with learning problems relative to normal children to /da/ versus /ga/, regardless of transition duration, but not to /ba/ versus /wa/.
This finding suggests that the brevity of the CV formant transitions is not the sole basis for the perceptual deficit. Signal processing techniques aimed at enhancing perception of stop consonants need to consider other acoustic features, such as relative amplitude and frequency characteristics, instead of (or in addition to) CV transition duration. Furthermore, our combined behavioral and neurophysiologic data suggest a dissociation between the ability to perceive fine-grained dynamic spectral differences (as in /da/ vs. /ga/) and the ability to perceive differences in duration of the dynamic spectral portion of a CV syllable (as in /ba/ vs. Iwal). Additionally, the neurophysiologic data provide an objective measure for the identification and monitoring of subjects with a deficit in the pre-conscious processing of certain acoustically similar speech sounds.
